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Abstract 
In southeastern Nigeria, the Great Kwa River watershed which was originally covered by tropical rainforest has 
now become a beehive of various agricultural, extractive and industrial activities. The present study focused on 
the investigation of the current level and distribution of seven heavy metals (Pb, Zn, Cu, Ni, Cr, Cd, As) 
collected from surface sediment at 12 stations, located within Mbat-Abbiati and Oberakkai Creeks of the Great 
Kwa River. Results show that the measured heavy metals have an abundance trend in the order 
Zn>Cr>Ni>Cu>Pb>As>Cd for sediments from Mbat-Abbiati and Zn>Cr>Ni>Pb>Cu>As>Cd for sediments from 
Oberakkai Creek. Enhanced concentrations and significant spatial variation was recorded for heavy metals in 
sediments from Oberrakai Creek as against what obtains in sediments from Mbat-Abbiati Creek. The pollution 
status was evaluated using Enrichment Factor (EF), Index of Geoaccumulation (Igeo), Contamination Factor 
(Cf), Degree of Contamination (Cd) and Pollution Load Index (PLI). Indication from both the contamination 
factor and degree of contamination is that all the measured heavy metals, excluding Pb and Cd, exhibits low 
contamination status in the sediment. Based on geoaccumulation index, the sediments are generally classified as 
unpolluted with regards to the measured heavy metals. The computed Enrichment Factors (EF) showed that 
some heavy metals (Pb, Zn, Cr, Cd) have EF values of up to 1, which indicates enrichment through lithogenic 
and anthropogenic sources. Further screening revealed that more than 55% of the calculated EF values for the 
Pb, Zn, Cr and Cd are from lithogenic sources, thereby suggesting that the main sources of pollution are 
geogenic materials, probably sourced through mining and quarrying activities that thrive within the catchment 
region. Results of the Pollution Load Index conclude that sediments from both Mbat-Abbiati and Oberakkai 
Creeks are generally unpolluted.       
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1. Introduction 
Heavy metals, which can be sourced through anthropogenic and geologic sources, are stable and persistent 
environmental contaminants of coastal waters and sediments. Elevated concentrations of these metals in aquatic 
ecosystems are of major concern due to their toxicity and non-biodegradable nature. These metals pose a threat 
to aquatic life in various ways, notably, through re-suspension into the water column from geochemical re-
cycling (Ahmet et al., 2005; Al-Haidarey et al., 2010; Campbell & Tessier 1996), accumulation in benthic fauna 
that feed on sediments, and ability to enter the food chain to produce a range of metabolic and physiological 
disorders (Barakat et al., 2012; Kumar et al., 2012; MacFarlane et al., 2006). Aquatic sediments serve as a pool 
that can retain or release these heavy metals to the water column by various processes of remobilization (Caccia 
et al., 2003; Pekey 2006; Marchand et al., 2006). On a weight per square meter basis, the uppermost superficial 
sediments constitute the largest heavy metals reservoir in aquatic systems (Al-Haidarey et. al. 2010). The heavy 
metals always occur in concentrations that usually exceed the levels of the overlying water by 3 to 5 orders of 
magnitude so that bioavailability of even a minute fraction of the total sediment’s heavy metal content assumes 
significant importance (Defew et al., 2004; Zabetoglou et al., 2002). A number of serious health problems can 
develop as a result of excessive uptake of dietary heavy metals Also, the consumption of heavy metal-
contaminated food can seriously deplete some essential nutrients in the body causing a decrease in 
immunological defences, intrauterine growth retardation, impaired psycho- social behaviour, disabilities 
associated with malnutrition and a high prevalence of upper gastrointestinal cancer (Arora 2008). Thus, the 
continuous identification, quantification and assessment of heavy metals in aquatic system should be 
encouraged, given its immense health benefit (Addo et al., 2011). 
In Nigeria, studies on the assessment of the contamination status of heavy metals on river sediment have been 
vigorously pursued over the last couple of years (see for instance, Aderinola et al., 2009; Butu & Iguisi 2013; 
Chindah et al., 2009; Davies et al., 2006; Ladigbolu & Balogun, 2011; Majolagbe et. al, 2012; Olubunmi & 
Olorunsola, 2010; Puyate et al., 2007; Uwah et al., 2013; Uzairu et al., 2009). The present study focused on two 
Creeks of the Great Kwa River in Southeastern Nigeria 
The Great Kwa River watershed was originally covered by tropical rainforest but has now become a beehive of 
agricultural, road construction, forestry, industry, mining and quarrying activities (Efiong 2011). The 
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establishment of mostly the quarrying/mining activities within the catchment area of the River, together with the 
intense agricultural practice in the area is bound to impact negatively on the quality of the aquatic ecosystem. 
Other areas of environmental concern in the basin includes the numerous human activities within and around this 
river, notably, dredging, logging, fishing, boating, watercraft maintenance, saw-milling, transportation, 
laundering, bathing and swimming, etc. These activities could result in eutrophication, nutrient enrichment, toxic 
chemical contamination, sedimentation and other problems that plague coastal waters, with consequent attendant 
ecological and economic impacts on the aquatic ecosystem. There is therefore need for constant quality 
monitoring and evaluation of the ecological integrity of the aquatic ecosystem in view of the health implications. 
The present study was therefore designed to document the current state of heavy metals concentration in 
sediments of Mbat-Abbiati and Oberekkai Creeks of the Great Kwa River in southeastern Nigeria. The primary 
objectives include, (1) to provide preliminary data of heavy metal (Pb, Zn, Cu, Ni, Cr, Cd, As) concentration and 
distribution on the study area, (2) to employ various means of assessments, including the use of various indices 
to assess the current pollution status of the river basin, and (3) to evaluate impacts on industrial and economic 
activities in the study area. The justification for the work is the fact that Mbat-Abbiati and Oberekkai Creeks are 
well positioned to receive effluents from the various agricultural, mining and quarrying activities which flourish 
within the neighborhood.  
 
2. Materials and Methods 
2.1 Study Area and Sampling Site Description 
The present study considered two Creeks, namely Mbat-Abiati Creek in Abiati village and Oberekkai Creek in 
Oberekkai village. The area of study is therefore delimited by Latitude 5°05’N and 5°06’N and latitudes 8°27’E 
and 8°29’E, situated within present-day Akamkpa Local Government Area of Cross River State, southeastern 
Nigeria (Fig. 1). Mbat-Abiati and Oberekkai Creeks empty into the Great Kwa River. The Great Kwa River 
takes its rise from the Oban Hills in eastern Nigeria, flows southwards and discharges into the Cross River 
Estuary around latitude 4o45’N and longitudes 8o20’E. The lower reaches of the River drains the eastern coast 
of Calabar Municipality. The lower Great Kwa River is characterized by semi-diurnal tides and extensive mud 
flats. The study region is characterized by tropical climate with distinct alternating dry and wet seasons. Based 
on data measured by the National Meteorological Agency, the area is associated with warm temperatures ranging 
between 26 °C to 32 °C and a bi-modal rainfall pattern averaging approximately 2,300 mm annually. The annual 
mean daily relative humidity and evaporation is in the range 76 – 86% and 3.85 mm/day respectively (Petters et 
al., 1989). Moist, evergreen forest-type vegetation exists in unaltered areas, while herbs, shrubs and few trees are 
cultivated in the altered portions of the area. Thick, riparian forest fringes most streams and in the area. The 
topography of the study area is typified by plains under 200m above sea level which dominates the land surface 
of the area. The study area is also an integral part of the Calabar Flank, which is unique in many respects. In 
terms of sediments, the Calabar Flank is underlain by Cretaceous Sedimentary rock deposits comprising 
sandstones, limestones, marlstones and shales. The Mfamosing Limestone Formation is the main Carbonate – 
bearing deposit occurring within the study area and it is the thickest carbonate body in Nigeria (Reijers & Petters 
1987). 
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Figure 1. Geological map of Cross River State in southeastern Nigeria, showing the geology of study area 
2.2 Sampling and Laboratory Techniques 
A total of twelve (12) sizeable surface sediment samples were strategically collected from different locations 
beneath the drainage channels of the two Creeks selected for study. All the sampling points were appropriately 
located using the Global positioning System (GPS), and identifiable landmarks in adjoining land areas to the 
sampling points were also recorded. At each sampling point, surface sediment samples were taken at a depth of 0 
– 10 cm, drained of water in situ and then quickly packed into well-labeled, sterile cloth bags which were 
previously thoroughly washed and dried before use. The choice of surface sediments was due to the fact that this 
layer controls the exchange of metals between sediments and water (Barakat et al., 2012; El Nemr et al., 2006). 
Also, Solomons & Forstner (1984) reported that heavy metals tend to be concentrated in the finer grain sizes of 
sediment. The collected samples were transported to Soil Science Laboratory of University of Calabar, Nigeria, 
where they were air-dried for three weeks under room temperature of about 30ºC. The drying was necessary to 
eliminate organic matter and moisture contents, amongst other undesirable components. After drying, individual 
samples were disaggregated, and sieved through a 2-mm plastic sieve to remove large debris, gravel-size 
materials, plant roots, animal shells and other waste materials. Finer  fractions, not only concentrate iron 
oxide/hydroxide, organic matter, aluminum, clay minerals, but also have the largest capacity to bind  particle 
reactive trace metal contaminants relative to coarser particles (>2 mm size). The prepared samples were then 
package, labeled and stored in clean closed plastic bags for subsequent analysis. Considerable precautions were 
taken to avoid contamination during drying, grinding, sieving and storage.  
Prior to the analysis, 0.5g of each sample was weighed into the digestion flask and digested to complete dryness 
with an acid solution, comprising H2O-HF-HClO4-HNO3 in the ratio 2:2:1:1. Afterward, about 50% of HCl was 
added to the residue and heated using a mixing hot block. The solution was cooled and homogenized before 
being transferred to test-tubes where it was brought to volume using dilute HCl. Sample splits of 0.25g was then 
analyzed for heavy metals using the ICP-ES (Inductively Coupled Plasma-Emission Spectrometry) technique at 
the Geochemistry Laboratory of Acme Analytical Laboratories, Vancouver BC, Canada. All the sediment 
samples were analyzed for total concentrations of Pb, Zn, Cu, Ni, Cr, Cd, As, Al. 
The accuracy of the analytical procedure used was reputedly cheeked by analyzing duplicate samples and 
repeatedly analyzing reference samples (STD OREAS24P), and comparing the obtained values with the 
expected values. The quality control samples represented 10% of the total analytical load. The duplicates 
samples were treated identically. The percentage recovery from 93 to 105%, while precision is within 5%. 
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Details on the sampling, treatments and analysis of the sediment samples are in Ajayi (2014). 
2.3 Determination of Contamination Factor (Cf) and Degree of Contamination (Cd) 
Both Contamination Factor (Cf) and the Degree of Contamination (Cd) are widely employed to determine the 
contamination status of sediment. Cf values were measured using the expression below: 
Cf= Cmetal /Cbackground 
Cmetal is the concentration of metal in sediment, while Cbackground is the background value for the metal. The 
average composition of shale from Turekian & Wedepohl (1961) was used as background values for the metals. 
The degree of contamination (Cd) was computed as the sum of the determined contamination factors (Cf) for 
each of the measured heavy metals in the site. 
2.3 Determination Index of Geoaccumulation (Igeo) 
The Index of Geoaccumulation (Igeo), which involves comparing observed concentration of the metal (n) in the 
sediment with pre-industrial levels or background levels, was used to assess the level of heavy metal pollution in 
the sediments. The Igeo was calculated, using the method of Muller (1979) &  Abrahim & Parker (2008), as 
follows: 
Igeo = log2 ([Cn]/ 1.5* [Bn]) 
Where, Cn is the measured concentration of element ‘n’ in the sediment and Bn is the geochemical background 
for element ‘n’ which is either directly measured in pre-civilization sediments of the area or taken from the 
literature. In the present study, the average composition of shale from Turekian & Wedepohl (1961) was 
considered appropriate. The factor 1.5 is introduced to include possible variations of the background values that 
are due to lithologic variations in the sediment.  
2.4 Determination of Enrichment Factor (EF) 
To evaluate the magnitude of contaminants in the environment, Enrichment Factors (EF) were computed 
following the method of Atgin et al. (2000) and Simex & Helz (1981), as follows: 
EF = (CM/CAl)sample/(CM/CAl) Earth’s crust 
Where, (CM/CAl)sample is the ratio of concentration of measured heavy metal (CM) to that of Al (CAl) in the 
sediment sample and (CM/CAl) Earth’s crust is the same reference ratio in the Earth’s crust. The values taken as the 
average abundance of Pb, Zn, Cu, Cd, Cr, As and Ni (20, 95, 45, 0.3, 90, 4.72 and 68 mg kg-1, respectively) in 
the reference Earth’s crust were the average composition of shale, from Turekian &  Wedepohl (1961). 
Aluminium (the reference value being 47,200) was selected as the reference element. 
2.5 Determination of Pollution Load Index (PLI) 
The pollution load index (PLI) proposed by Tomlinson et al. (1980) was also used in this study. The PLI for a 
single site is the nth root of n number multiplying the contamination factors (CF values) together: 
PLI = (CF1 × CF2 × CF3 × ........ CFn) 1/n 
Where CF is the contamination factor, n is the number of metals. 
3. Analysis and Discussions of Results 
3.1 Heavy Metal Abundance 
The concentration of heavy metal and relevant statistical summaries for sediments of Mbat-Abbiati and 
Oberekkai Creeks is given in Table 1, while the graphic illustration of the mean abundance of the heavy metals 
is presented as Fig 2.  
TABLE 1. Concentration of heavy metals (mg/kg Dry Weight) in sediments of Mbat- Abbiati and Oberakhai 
Creeks of the Great Kwa River, SE Nigeria 
 
 Pb Zn Cu Ni Cr Cd As Al 
Mbat 
Abbiati 
Creek 
AS-1 25.22 81.8 22.88 26.6 70 0.27 0.3 58,900  
AS-2 20.61 86.8 21.88 25 62 0.3 1.5 55,000  
AS-3 18.28 83.9 25.25 25.3 57 0.28 0.4  47,700  
AS-4 16.58 87.9 27.05 28.5 58 0.43 1.3 43,300  
AS-5 17.58 82.8 25.94 25.9 56 0.32 0.6  48,700  
AS-6 16.66 81.1 25.21 24.5 53 0.32 2.1  43,800  
MIN 16.58 81.1 21.88 24.5 53 0.27 0.3  43,300  
MAX 25.22 87.9 27.05 28.5 70 0.43 2.1  58,900  
MEAN 19.16 84.05 24.7 25.97 59.33 0.32 1.03  49,567  
ST.DEV 3.32 2.75 1.94 1.44 5.99 0.06 0.71   6,219  
Oberakhai 
Creek 
OS-1 26.56 107.8 26.91 30.4 72 0.46 0.2  73,400  
OS-2 15.55 59.4 16.33 21.2 47 0.23 0.6  42,800  
OS-3 19.92 82.7 22.55 23.8 56 0.35 0.6  48,700  
OS-4 37.65 130.6 24.61 51.9 120 0.11 2.3 161,600  
OS-5 26.24 105.3 26.6 29.9 66 0.36 1.6  65,300  
OS-6 21.69 73.5 22.21 23.9 63 0.2 0.3  72,900  
MIN 15.55 59.4 16.33 21.2 47 0.11 0.2  42,800  
MAX 37.65 130.6 26.91 51.9 120 0.46 2.3 161,600  
MEAN 24.6 93.22 23.2 30.18 70.67 0.29 0.93  77,450  
ST.DEV 7.6 26.07 3.9 11.25 25.66 0.13 0.83  43,112  
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Figure 2. Mean abundance of heavy metals in sediment of Mbat Abbiati and Oberakkai Creek of the Great Kwa 
River 
A cursory appraisal of Table 1 and Fig. 2 show the respective abundance trend recorded for sediments of Mbat – 
Abbiati and Oberrakai Creeks as: Zn>Cr>Ni>Cu>Pb>As>Cd and Zn>Cr>Ni>Pb>Cu>As>Cd. Also revealed 
were the relatively enhanced concentrations and significant spatial variation in concentrations recorded for each 
of the heavy metals in sediments of Oberrakai Creeks as against what obtains in sediments of Mbat Abbiati 
Creeks (Table 1). 
As shown in Table 1, the heavy metal concentrations (mg kg-1 dry weight) of sediments of Mbat Abiati Creeks 
can be summarized as follows: 19.16±3.32 for Pb, 84.05±2.75 for Zn, 24.7±1.94 for Cu, 25, 97±1.44 for Ni, 
59.33±5.99 for Cr, 0.32±0.06 for Cd, 1.03±0.71 for As and 30183 ±4186 for Fe. Similarly, the heavy metal 
concentrations (mg kg-1 dry weight) of sediments of Oberakhai Creeks (Table 1) can be summarized as follows:  
24.60±7.60 for Pb, 93.22±26.07 for Zn, 23.20±3.90 for Cu, 30.18±11.25 for Ni, 70.67±25.66 for Cr, 0.29±0.13 
for Cd, 0.93±0.83 for As and 28,517 ±10,284 for Fe.  Indication is that Zn and Cd respectively constitute the 
highest and lowest abundance in terms of concentrations in both sediments of Mbat – Abbiati and Oberrakai 
Creeks. 
3.2 Comparison of the mean concentration of heavy metals in the investigated sediments with Geochemical 
Benchmarks, Sediments Quality Guidelines and Metal Concentrations in Sediments of other Local and Regional 
Rivers 
The mean concentration of heavy metal in sediments of Mbat-Abbiati and Oberekkai have been compared with 
the concentrations of heavy metals in the widely utilized World average shale composition of Turekian & 
Wedepohl (1961), EPA Ecological Screening Values (EPA, 1995), Canadian Interim Sediment Quality 
Guidelines, comprising Threshold Effect Concentration (TEC) and Probable effect concentration (PEC) 
(Environment Canada 1995, 2002),  Dutch Soil Quality Standards which is made up of the Target and 
Intervention values (MHSPE 1994), as well as with sediments of various other local and regional rivers. These 
criteria are shown in Table 2.  
Table 2. Mean values (mg kg-1) of heavy metals contents of the studied sediments, in comparison with 
geochemical background data, sediment quality guidelines, toxicological reference, and other local and regional 
river sediments 
Class DESCRIPTION Pb Zn Cu Cd Ni As Cr 
Present study 
Mbat-Abbiati Creek 19.16   (±3.32) 
84.05 
(±2.75) 
24.7    
(±1.94) 
0.32 
(±0.06) 
25.97  
(±1.44) 
1.03    
(±0.71) 
59.33  
(±5.99) 
Oberrakai Creek 24.6 (±7.60) 
93.22± 
(26.07) 
23.20   
(±3.9) 
0.29 
(±0.13) 
30.18 
(±11.25) 
0.93 
(±0.83) 
70.67   
(±25.66) 
Geochemical background Average composition of Shales
a
 
(Turekian &  Wedepohl, 1961) 20 95 45 0.3 68 4.72 90 
Sqg and other toxicological 
reference values for river 
sediments and soils 
EPA Ecological Screening Valuesb 30.2 124 18.7 1 15.9 7.24 52.3 
Canadian ISQGc TEC 35 123 35.7 0.596 18 5.9 37.3 PEL 91.3 315 197 3.53 35.9 17 90 
Dutch Soil 
Quality 
Standardd 
Target Values 85 140 36 0.8 35 29 100 
Intervention 
Values 530 720 190 12 210 55 380 
Local and international 
river sediments 
River Kubanni Sedimentse - 103.7 - - - 2.04 24.3 
Ajawere River Sedimentsf 27.96 14.63 16.02 3.39 3.75 12.38 43.24 
Cross River Sedimentg 56.51 108.77 - 1.85 7.03 2.05 0.97 
Day River Sediment, Moroccoh 109.01 100.13 108.62 1.27 - - 102.27 
Japan River Sedimenti 23.1 118 30.6 0.158 25.1 9.32 65.2 
   Note: TEC= Threshold effect concentration; PEL= Probable effect level; ISQG= Interim sediment quality 
guideline. 
     
aTurekian & Wedepohl (1961); bEPA (1995); cEnvironment Canada (2002); dMHSPE  (1994); eButu  &   
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Iguisi (2013);  
     
fOyekunle et al. (2011); gEkwere et al (2013) ; hBarakat et al (2012); iGamo (2007) 
It is observed that the mean concentrations of heavy metal in sediments of Mbat-Abbiati and Oberekkai are 
generally lower than values quoted in the EPA Ecological Screening Values (EPA, 1995), in both TEC and PEC 
of the Canadian Interim SQG (Environment Canada, 1995, 2002), as well as in values recorded for both Target 
and Intervention values of the Dutch Soil Quality Standards (MHSPE, 1994) (Table 2). The only exceptions in 
this regards is the fact that Cd appears to be slightly enriched in the sediments of Mbat-Abbiati and Oberekkai 
compared to that of the World average shale composition of Turekian & Wedepohl (1961). Similar trend is 
observed for Ni and Cr when the mean contents are related to the TEC values of the Canadian Interim SQG 
(Environment Canada 1995, 2002), and for Cu and Ni when compared with the EPA Ecological Screening 
Values (EPA 1995). 
In comparison with sediments of various local and regional rivers, there is a general depletion trend recorded for 
most of the heavy metal compositions of sediments of Mbat-Abbiati and Oberekkai, apart from the fact that Zn, 
Cu, Ni, and Cr contents are higher than what obtains in the Ajawere River Sediments (Oyekunle et al., 2011). A 
similar trend is displayed by Ni and Cr when the mean concentrations of heavy metal in sediments of Mbat-
Abbiati and Oberekkai Creeks are compared with those of the Cross River Sediment (Ekwere et al., 2013)). 
Also, Cd and Cr are comparatively higher in the River Kubanni Sediments of Zaria northwestern Nigeria (Butu 
& Iguisi 2013) and in the Japan River Sediment (Gamo 2007). 
3.3 Assessment of Heavy Metal Contamination 
It is often beneficial to involve various indices in geoenvironmental assessments. Some of the indices employed 
in the present study include: Contamination Factor (Cf), Degree of Contamination (Cd), Index of 
Geoaccumulation (Igeo), Enrichment Factor (EF) and Pollution Load Index (PLI). 
3.3.1 Assessment according to Contamination Factor (CF) and Degree of Contamination 
Computed contamination factor (Cf) and degree of contamination (Cd) is shown in Table 3, where it is observed 
that the computed contamination factors (Cf) for sediments from Oberrakhai Creek are larger than those of 
sediment from Mbat-Abbiati Creek. For instance, 7.70, 6.56 and 6.44 represents the recorded degree of 
contamination (Cd) for sediments of Stations OS-4, OS-1 and OS-5 respectively, and all these are from 
Oberrakhai Creek. These values are larger than the highest degree of contamination (Cd) of 5.71 measured in 
sediment of Station AS-4, situated in Mbat-Abbiati Creek. 
Table 3:  Contamination Factor (Cf) and Degree of Contamination Cd) for sediment samples from Mbat-Abbiati 
and Oberekkai Creeks of the Great Kwa River, SE Nigeria. 
Location/Sample 
Station 
Pb Zn Cu Ni Cr Cd As DEGREE OF CONTAMINATION (Cd) 
Contamination Factors (Cf) 
Mbat- 
Abbiati 
Creek 
AS-1 1.26 0.86 0.51 0.39 0.78 0.90 0.06 5.48 
AS-2 1.03 0.91 0.49 0.37 0.69 1.00 0.32 5.35 
AS-3 0.91 0.88 0.56 0.37 0.63 0.93 0.08 5.13 
AS-4 0.83 0.93 0.6 0.42 0.64 1.43 0.28 5.71 
AS-5 0.88 0.87 0.58 0.38 0.62 1.07 0.13 5.14 
AS-6 0.83 0.85 0.56 0.36 0.59 1.07 0.44 5.32 
MEAN 0.96 0.88 0.55 0.38 0.66 1.07 0.22 5.36 
Oberakhai 
Creek 
OS-1 1.33 1.13 0.6 0.45 0.8 1.53 0.04 6.56 
OS-2 0.78 0.63 0.36 0.31 0.52 0.77 0.13 3.88 
OS-3 1.00 0.87 0.5 0.35 0.62 1.17 0.13 5.08 
OS-4 1.88 1.37 0.55 0.76 1.33 0.37 0.49 7.70 
OS-5 1.31 1.11 0.59 0.44 0.73 1.20 0.34 6.44 
OS-6 1.08 0.77 0.49 0.35 0.7 0.67 0.06 4.57 
MEAN 1.23 0.98 0.52 0.44 0.78 0.95 0.20 5.70 
 
Considering the contaminations level terminologies associated with Cf values, shown in Table 4, all the 
measured heavy metals, excluding Pb and Cd, can be described as exhibiting low contamination status in 
sediment of both Mbat – Abbiati and Oberrakhai Creeks. However, Pb and Cd and probably Zn appear to display 
slightly moderate contamination level in both Creeks. 
Table 4. Contamination Factor and Level of Contamination (Hakanson 1980) 
Contamination Factor (Cf) Level of Contamination 
Cf<1 Low contamination 
1≤Cf<3 moderate contamination 
3≤Cf<6 considerable contamination 
Cf>6 Very High contamination 
On the basis of the mean values of Cf, sediments of Mbat-Abbiati Creek are enriched for metals in the order:  
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Cd>Pb>Zn>Cr>Fe>Cu>Ni>As, while that for Oberakhai Creek is of the order: Pb>Zn> Cd>Cr>Fe>Cu>Ni>As 
3.3.2 Assessment according to Geo-accumulation Index (Igeo) 
The geo-accumulation index (Igeo) scale, proposed by Muller (1981) consists of seven grades (0-6) ranging from 
uncontaminated to highly contaminated, as shown in Table 5.  
Table 5. Muller’s Classification for the Geo-Accumulation Index 
Igeo Value Range Class Sediment Quality 
≤0 0 uncontaminated 
0 – 1 1 from uncontaminated to moderately contaminated 
1 – 2 2 moderately contaminated 
2 – 3 3 from moderately to strongly contaminated 
3 – 4 4 strongly contaminated 
4 – 5 5 from strongly to extremely contaminated 
≥6 6 extremely contaminated 
 
The Igeo values and their corresponding contamination intensity for heavy metals in sediments from Mbat- 
Abbiati and Oberekkai Creeks are presented in Table 6 and the variations are shown graphically (Fig. 3).  
It is evident from the figure that the Igeo values for all the metals fall in class ‘0’ in all the twelve sampling 
locations (except at sampling sites OS-1 for Cd and OS-4 for Pb), indicating that there is no pollution from these 
metals in the investigated sediments. 
On the basis of the mean values of Igeo, sediments of Mbat-Abbiati Creek are enriched for metals in the order: 
Cd>Pb>Zn>Cr>Fe>Cu>Ni>As, while that for Oberakhai Creek is of the order: Pb>Zn> Cd>Cr>Fe>Cu>Ni>As 
Table 6: Geoaccumulation Index Values for sediment samples from Mbat-Abbiati and Oberekkai Creeks of the 
Great Kwa River, SE Nigeria. 
Pb Zn Cu Ni Cr Cd As 
AS-1 -0.25 -0.8 -1.56 -1.94 -0.95 -0.74 -4.56 
AS-2 -0.54 -0.72 -1.63 -2.03 -1.12 -0.58 -2.24 
AS-3 -0.71 -0.76 -1.42 -2.01 -1.24 -0.68 -4.15 
AS-4 -0.86 -0.7 -1.32 -1.84 -1.22 -0.07 -2.45 
AS-5 -0.77 -0.78 -1.38 -1.98 -1.27 -0.49 -3.56 
AS-6 -0.85 -0.81 -1.42 -2.06 -1.35 -0.49 -1.75 
Mean Igeo 
Values 
-0.66 -0.76 -1.46 -1.98 -1.19 -0.51 -3.12 
OS-1 -0.18 -0.4 -1.33 -1.75 -0.91 0.03 -5.15 
OS-2 -0.95 -1.26 -2.05 -2.27 -1.52 -0.97 -3.56 
OS-3 -0.59 -0.79 -1.58 -2.1 -1.27 -0.36 -3.56 
OS-4 0.33 -0.13 -1.46 -0.97 -0.17 -2.03 -1.62 
OS-5 -0.19 -0.44 -1.34 -1.77 -1.03 -0.32 -2.15 
OS-6 -0.47 -0.96 -1.6 -2.09 -1.1 -1.17 -4.56 
Mean Igeo 
Values 
-0.34 -0.66 -1.56 -1.83 -1 -0.8 -3.43 
Igeo Class 0 0 0 0 0 0 0 
REMARKS Unpolluted Unpolluted Unpolluted Unpolluted Unpolluted Unpolluted Unpolluted 
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Mbat-Abbiati Creek Oberakkai Creek 
  
Figure 3. Spatial variations in the Igeo values of sediments from Mbat-Abbiati and Oberakkai Creeks of the 
Great Kwa River 
3.3.3 Assessment according to Enrichment Factor (EF) 
The Enrichment Factors (EF) of all the heavy metals measured in the sediment samples of Mbat-Abbiati and 
Oberrakhai Creeks of the Great Kwa River are presented in Table 7. The computed EF values are generally 
<2.00, which are not considered significant according to Atgin et al. (2000). However, when interpreted 
following the method used by Birch (2003), where EF<1 indicates no enrichment, <3 indicates minor 
enrichment, 3 – 5 show moderate enrichment, 5 – 10 denote moderately severe enrichment, 10 – 25 denote 
severe enrichment, 25 – 50 denote very severe enrichment and >50 refer to extremely severe enrichment, it 
becomes obvious that the investigated sediments can generally be classified as reflecting minor enrichments with 
regards to the measured heavy metals. 
Table 7: Enrichment Factors for sediment samples from Mbat-Abbiati and Oberekkai Creeks of the Great Kwa 
River, SE Nigeria. 
 
 
Pb Zn Cu Ni Cr Cd As AL 
Mbat-Abbiati Creek 
 
AS-1 1.88 1.29 0.76 0.58 1.16 1.34 0.09 1.00 
AS-2 1.65 1.46 0.78 0.59 1.10 1.60 0.51 1.00 
AS-3 1.69 1.63 1.04 0.69 1.17 1.72 0.16 1.00 
AS-4 1.68 1.88 1.22 0.85 1.31 2.91 0.56 1.00 
AS-5 1.59 1.57 1.04 0.69 1.12 1.93 0.23 1.00 
AS-6 1.67 1.72 1.13 0.72 1.18 2.14 0.89 1.00 
MIN 1.59 1.29 0.76 0.58 1.10 1.34 0.09 1.00 
MAX 1.88 1.88 1.22 0.85 1.31 2.91 0.89 1.00 
MEAN 1.69 1.59 0.99 0.69 1.17 1.94 0.41 1.00 
ST.DEV 0.10 0.21 0.19 0.10 0.07 0.55 0.30 0.00 
Oberakhai Creek 
OS-1 1.59 1.36 0.72 0.54 0.96 1.84 0.05 1.00 
OS-2 1.60 1.29 0.75 0.64 1.07 1.58 0.26 1.00 
OS-3 1.80 1.57 0.91 0.63 1.12 2.11 0.23 1.00 
OS-4 1.03 0.75 0.30 0.42 0.73 0.20 0.27 1.00 
OS-5 1.77 1.49 0.80 0.59 0.99 1.62 0.46 1.00 
OS-6 1.31 0.93 0.60 0.42 0.84 0.80 0.08 1.00 
MIN 1.03 0.75 0.30 0.42 0.73 0.20 0.05 1.00 
MAX 1.80 1.57 0.91 0.64 1.12 2.11 0.46 1.00 
MEAN 1.52 1.23 0.68 0.54 0.95 1.36 0.22 1.00 
ST.DEV 0.30 0.32 0.21 0.10 0.15 0.71 0.15 0.00 
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Further appraisal of the enrichment Factors (EF) data showed that some heavy metals (Pb, Zn, Cr, Cd)  have 
enrichment factors of up to 1, which indicates enrichment through lithogenic and anthropogenic sources 
(Praveena et al., 2007; Neto et al., 2006; Huang & Lin, 2003; Shotyk et al., 2000). It therefore becomes 
necessary to define the percentage of enrichment that is due to lithogenic sources and that due to anthropogenic 
influences. This discrimination was accomplished, following the method of Hernandez et al. (2003); the 
formulas employed are as follows:  
[CM]Lithogenic = [CAl] Sample X ([CM]/[CAl])Lithogenic  
[CM]Anthropogenic = [CM]Total - [CM]Lithogenic  
Where [CM]Lithogenic and [CM]Anthropogenic represents enrichment due to lithogenic and anthropogenic source 
respectively. Other components are as defined earlier, under determination of Enrichment Factor (EF). 
The results showed that more than 50% of the calculated EF values for Pb, Zn, Cr and Cd are from lithogenic 
sources (Fig. 4). The sources of pollution therefore include geogenic materials, much of which are most likely 
sourced from dispersion or lithogenic influx arising from the robust quarrying and mining activities within the 
area. 
Mbat-Abbiati Creek 
 
 
Oberakkai Creek 
 
Figure 4. Lithogenic and anthropogenic proportions of enriched heavy metals in sediments of Mbat-Abbiati and 
Oberakkai Creeks of the Great Kwa River 
 
3.3.4 Assessment according to the Pollution load index (PLI) 
The Pollution Load Index provides a simple, comparative means for assessing a site or estuarine quality: a value 
of zero (0.0) indicates perfection, a value of one (1.0) indicate only baseline levels of pollutants present and 
values above one > 1.0) indicate progressive deterioration of the site and estuarine quality (Tomlinson et al., 
1980).  
Computed Pollution Load Index (PLI) values for sediments of Mbat-Abbiati and Oberrakhai Creeks are 
presented in Table 8.  As shown in Table 8, PLI values of sediments of the Mbat-Abbiati Creek ranged from 
0.006 to 0.029 with an average of 0.018, while that of Oberrakhai Creek vary between 0.001 and 0.247 with an 
average of 0.025. Indication from both dataset is that sediments from both Creeks are unpolluted. 
4. Summary and Conclusion 
The results of this study supply valuable information about heavy metal contents of sediment from different 
sampling stations in Mbat-Abiati and Oberekkai Creeks of the Great Kwa River. The order of the mean 
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concentrations of tested heavy metals in sediments of Mbat – Abbiati and Oberrakai Creeks is respectively 
Zn>Cr>Ni>Cu>Pb>As>Cd and Zn>Cr>Ni>Pb>Cu>As>Cd. Contamination Factor (Cf) and Degree of 
Contamination (Cd), Geoaccumulation Index (Igeo), Enrichment Factor (EF), have been successfully applied for 
the assessment of contamination status of sediments from Mbat – Abbiati and Oberrakai Creeks.  
Indication from both the contamination factor and degree of contamination is that all the measured heavy metals, 
excluding Pb and Cd, exhibits low contamination status in the sediment. Based on geoaccumulation index, the 
sediments are generally classified as unpolluted with regards to the measured heavy metals. The computed 
Enrichment Factors (EF) showed that some heavy metals (Pb, Zn, Cr, Cd) have EF values of up to 1, which 
indicates enrichment through lithogenic and anthropogenic sources. Further screening revealed that more than 
55% of the calculated EF values for the Pb, Zn, Cr and Cd are from lithogenic sources, thereby suggesting that 
the main sources of pollution are geogenic materials, probably sourced through mining and quarrying activities 
within the catchment region. Results of the Pollution Load Index conclude that sediments from both Mbat-
Abbiati and Oberakkai Creeks are generally unpolluted. 
 
Table 8:  Pollution Load Index (PLI) for sediment samples from Mbat-Abbiati and Oberekkai Creeks of the 
Great Kwa River, SE Nigeria. 
 POLLUTION LOAD INDEX 
Mbat-Abbiati 
Creek 
AS-1 0.007 
AS-2 0.020 
AS-3 0.006 
AS-4 0.029 
AS-5 0.009 
AS-6 0.024 
MEAN 0.018 
Oberakhai 
Creek 
OS-1 0.014 
OS-2 0.001 
OS-3 0.006 
OS-4 0.247 
OS-5 0.081 
OS-6 0.001806 
MEAN 0.024524 
 
Results of the present study show that the sediment of the Great Kwa River was not polluted by heavy metals. 
However, the level of these metals in the environment has increased tremendously in the past decades. The 
implication of this is that these heavy metals pose risk of contamination or pollution of the sediments and 
overlying surface water. There is therefore need for consistent monitoring of both the sediment and overlying 
waters. Further research should cover a wider area and made to also incorporate organic compounds (pesticides, 
PAHs and PCBs) for better results. 
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